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(57) Abstract: 

PROBLEM TO BE SOLVED: To prevent doped impurities 
from being diffused into an active layer to suppress the 
deterioration of the active layer caused by the 
diffusion of impurities and thereby lengthen the life of 
a device, by forming a layer having a lattice 
unconformity between the active layer and an impurity 
doped layer. 

SOLUTION: In a semiconductor laser 1, a diffusion 
preventive layer 9 having a lattice unconformity is 
constituted of alternately stacked compression strain 
layers and tensile strain layers. Due to this structure, 
zinc doped into a second conductivity -type clad layer 10 
is prevented by the diffusion preventive layer 9 from 
being diffused into an active layer 5. and zinc does not 
enter the active layer 5. Therefore, the interstitial 
diffusion of zinc in the active layer 5 can be prevented 
and thereby the deterioration of the active layer can be 
suppressed and the life of the semiconductor laser 1 can 
be lengthened, resulting in the increase in the 
reliability of the semiconductor laser 1. By this 
method, there is no necessity of caring about the 
diffusion of zinc into the active layer 5 and, 



therefore, the degree of freedom of doping profile of 
zinc can be expanded. 
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* NOTICES * 

Japan Patent 0££ice is not responsible for any 
damages caused by the use of this translation. 



1 .This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention has a barrier layer and the layer which performed impurity 

installation, for example, relates to light emitting devices, such as semiconductor laser and light 

emitting diode. 

[0002] 

[Description of the Prior Art] In the light emitting device of current impregnation molds', such as 
semiconductor laser and light emitting diode, in order to gather the effectiveness and luminous 
efficiency of current impregnation, the nearer one of the junction location of p/n and the location of a 
barrier layer is good. Moreover, the higher one of the concentration of the impurity installation by 
the same reason is desirable. 
[0003] 

[Problem(s) to be Solved by the Invention] However, since degradation of a barrier layer will 
become remarkably quick if an impurity of a certain kind enters into a barrier layer, the introductory 
concentration of an impurity [ / near the barrier layer ] is usually lowered, or the device of, as for 
near the barrier layer, separating an impurity from a barrier layer as a layer of a non dope is made. 
Thus, the doping profile near a barrier layer is an important factor which influences the dependability 
of a component. 

[0004] Especially, with doping of the zinc in III-V group semi-conductors, such as GaAs and GalnP, 

it is very easy to diffuse zinc, and since it enters into the midst which is performing crystal growth at 

the elevated temperature near the barrier layer easily, it becomes the cause of degradation of a light 

emitting device (reference Endo et al.:AppLPhys.Lett.64 (1994), pl46 reference). 

[0005] That is, if the diffusion field of an impurity approaches a barrier layer too much, the life of a 

light emitting device will fall, dependability will fall, and if too far from a barrier layer, a location 

will shift to p/n junction. Therefore, although the introductory conditions of an impurity serve as an 

important element in the light emitting device, as for controlling diffusion of introductory impurities, 

such as zinc, the degree of freedom of a doping profile is very low difficult therefore. 

[0006] A reliable light emitting device is offered by controlling degradation of the barrier layer 

which originates in diffusion of an introductory impurity in this invention for solution of the problem 

mentioned above. 

[0007] 

[Means for Solving the Problem] The light emitting device of this invention is the configuration of 
preparing the layer which has grid mismatching between the layers which carried out impurity 
installation with the barrier layer. 

[0008] Since diffusion is controlled by the layer in which the impurity introduced by preparing the 
layer which has grid mismatching has grid mismatching according to the configuration of above- 
mentioned this invention, it can control being spread even in the barrier layer of the point. Thereby, 
reinforcement of the degradation of the barrier layer by diffusion of an impurity can be controlled 
and carried out. 
[0009] 

[Embodiment of the Invention] This invention is a light emitting device which prepares the layer 
which has grid mismatching between the layers which carried out impurity installation with the 
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barrier layer. 



[0010] Moreover, in the above-mentioned light emitting device, the layer which has erid 
rrusmatchmg considers this invention as the configuration which is a crmpTe ste strSn ^ 
[001 1] Moreover, in the above-mentioned light emitting device the layer Sh Ls anH 
rtnsmatchmg pulls this invention, and it is considered af the configuration wS^^^^^^^^ layer. 

[0012] Moreover, in the above-mentioned light emitting device the layer which ha. and 

i™^„l^'f*° <Zn) ''°P= in groups IILV semiconducler. such as GaAs and OalnP is (aksn for 

L«t.h .^'h v''' 'Sf ^ ^^'"^ constitutes a light emitting device is nfostly^rXed orfd 
match condition. Here, supposing the layer which has grid mismatching is between toe la^^^^^ 
considers as a dope layer below) by which impurity installation was cSou7wkh t^e bSr 
00 1 91 Fn"" of migration of introductory impurities, such as zinc. wUI Zng. 

instable ?n t^^t' ^^^^^^^^ °f zinc between grids becomes 

unstable m the layer which compressive strain have produced Therefore although thl fin^ ''^^omes 

introduced into the doping layer 21 is easily difflzsed'^in the lattice ithi^^^ :„ 

[0020] Moreover conversely, a lattice constant is small, therefore in the layer which haulin,, 

S:?rcSuriai^ce'"ZcV''""T "'"^ "'"^""^ b-n,e7:7e's?b&e layer 
wnicn is carrying out lattice matching, and migration of the zinc between the erids from the Intt.v/ 

matching layer 22 to this hauUng distortion layer 24 becomes easy as sSwn if draw7n?f ^^^^^ 
migration m the lattice matching layer 22 from the hauling distortion layer 24lsl3td 
Therefore the zinc between grids is pulled, a trap is carried out to the dSortion lay^^^^^^^ the 
mig-a ion to a barrier layer 25 is controlled also in this case after all. ^ ' '"'^ 

22 etl Jint iT^v of'ti'/r ^^''^ ^'^^ ""'''"'''^^ ^he lattice matching layer 

w^ir:hiS^cro^^^ ^-"-^ — „ layer 24, it L L 

th^fr^l"^!??.? effectiveness which controls migration of an introductory impurity is so larae 
that [, so that the amount of distortion is large, and ] the layer which has distoS Sck here fn 
order to maintam the quality of a crystal, the thickness of the layer which has ItoSonneed^^^^^ 
below critical thickness Therefore, sufficient effectiveness may not be acq^red iTtoe n^n^^^^^^^^ 
the compressive-strain layer 23 or the hauling distortion layer 24 constitutes a distorifon Lyer 
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[0023] Then, by taking the laminated structure which combined the hauHng distortion layer 23 and 
the conipressive-strain layer 24, by compensating each distortion, substantial critical thickness can 
be enlarged and the effectiveness which controls migration of an interstitial atom can be heightened. 
For example, as shown in drawing 5 , such effectiveness is realizable with the laminated structure 
which carried out the laminating of the hauling distortion layer 23 and the compressive-strain layer 
24 by turns. 

[0024] Hereafter, with reference to a drawing, the concrete example of the light emitting device of 
this invention is explained. Drawing 1 shows the sectional view of the example applied to the 
semiconductor laser of an AlGalnP system by the example of the light emitting device of this 
invention, and this example. This semiconductor laser 1 has the so-called SCD (Separate 
Confinement Heterostructure) structure, and has prepared the layer which performs a 
photoconductive wave apart from the barrier layer. 

[0025] The cladding layer 3 of the 1st conductivity type which consists of AlGalnP which doped Se 
is formed on the semi-conductor substrate 2 which consists of GaAs to which this semiconductor 
laser 1 doped the silicon of the 1st conductivity type, for example, n mold, and the 1st guide layer 4 
which consists of AlGalnP is formed on it. 

[0026] On this 1st guide layer 4, the laminating of the barrier layer 5 which consists of GalnP, and 
the barrier layer 6 which consists of AlGalnP is carried out by turns, and the barrier layer of quantum 
well structure is formed. On this, the 2nd guide layer 7 which consists of AlGalnP is fonned, on it, 
the cladding layer 8 of undoping which consists of AlGalnP is formed, and the diffusion prevention 
layer 9 which has the grid mismatching on it is pinched, and the cladding layer 8 of undoping is 
formed. 

[0027] On the cladding layer 8 of undoping, the cladding layer 10 of the 2nd conductivity type (p 
mold) which doped the zinc which consists of AlGalnP which doped zinc is formed, and the contact 
layer 1 1 which consists of GaAs which doped zinc is fiirtiier formed on it. 

[0028] And since the stripe geometry for a current constriction is constituted, the current constriction 
layer 12 which introduced the impurity of the 1st conductivity type (n mold), such as boron, is 
formed in both the outsides of stripe geometry. Furthermore, the electrode 13 of the 1st conductivity 
type (n mold) is formed in the bottom of the semi-conductor substrate 2, the electrode 14 of the 2nd 
conductivity type (p mold) is formed on the contact layer 1 1 , respectively, and it changes. 
[0029] And in this example, as the energy band Fig. near the barrier layer is shown in drawing 2 , the 
structure which pulled with compressive-strain layer 9a, and carried out the laminating of the 
distortion layer 9b by turns constitutes the diffusion prevention layer 9 which has grid mismatching. 
Thereby, diffusion is stopped by this diffusion prevention layer 9, and the zinc doped by the cladding 
layer 10 of the 2nd conductivity type does not enter into a barrier layer 5. 
[0030] Therefore, since the diffusion to the barrier layer 5 of the zinc between grids can be 
controlled, degradation of a barrier layer 5 can be controlled, a life can be lengthened, and the . 
dependability of semiconductor laser 1 can be raised. Thereby, regardless of the diffusion to the 
zincky barrier layer 5, the degree of freedom of a zincky doping profile can be extended. 
[0031] This semiconductor laser 1 is manufactured as follows, for example. The crystal growth of 
each class to a substrate top uses for example, the MOCVD method. A raw material uses the 
hydrogenation gas of the organic metal raw material of TMGa (trimethylgallium), TMAl 
(trimethylaluminum), TMIn (trimethylindium), and DMZn (dimethyl zinc), and AsH3, PH3 and H2 
Se. The pressure of the 700 degrees C and the growth interior of a room grows by 200torT(s). 
[ temperature / growth ] Carrier gas is H2. It uses. 

[0032] First, for example, on the semi-conductor substrate 2 which consists of GaAs which doped 
the silicon of <100> sides which inclined in the <1 10> directions 8 degrees For example, the 
cladding layer 3 with a thickness of about 1 micrometer of the 1st conductivity type which consists 
of 0.5 (aluminumO.7 GaO.3) InO.5 P which doped Se is formed. For example, laminating formation 
of the 1st guide layer 4 with a thickness of about 50run which consists of 0.5(aluminum0.5 GaO.5) 
InO.5 P etc. is carried out one by one. 

[0033] And the barrier layer which carried out laminating formation of the barrier layer 5 and the 
barrier layer 6 with a thickness of about 6nm which consists of 0.5 (aluminumO.5 GaO.5) In0.5P 
grade which consists of GaO.5 InO.5 P with a thickness of about 5iun etc. by turns on this, for 



•I 



m(S t/°T'^ i^J' ''■T^'^ structures is constituted. 

about 200nm of undoping wWch conSof ^'.t^''^^ '^^^^ ^ ^i'h a thickness of 

[0035] Next, the difflfsio? prten ron a^^^^^^ %f ]^ ^"^-5 P/^^- ^nned. 

carried out 10 period lamiiiatino nf fhi!. °" f'^'^' laminated structure which 

distortion laye.To i 9a which consists of hauling 

InO.4 P etc. by tun^s for ex3rcon.t^hlc I^ a J^ ' '^^'''^ (aluminumO.7 GaO.3) 

fonnation of ,he co„.ac. layer 1 , ^itlttic^c^JZtS^^^^ '7™' T 

Zinc IS carried out one by one ^^y^^^u wnicn consists ot OaAs which doped 

KtKu^^^^^^^^^ ^-P^--7 of the boron, the cu.ent constriction layer 

formed in the center After thS th f^^- ' stripe geometry is 

electrode 1 fomflnd c^nS^ geometry top of the contact layer 1 1 is covered.^s an 

example, Pt with a ^^Z^T^JX^^^ °^ ^1°"^ 

is carried out by vacuum evaDorationo and^ m.MT^? ^ ^ ."^'^^ ^ thickness of about 200nm, 
Then, as an electrode 13 ofTeTs^condS^^^fv?^ electrode which consists of Ti/Pt/Au is formed, 
nickel with a thickness of abtt 50r f"r^ x^^^^^^ ^'^^P'^- 
deposited, and n mold electrode whkh consTsts of A,f L *,ekness of about lOOnm, is vapor- 
[0038] Thus, the semiconductor l^er 1 is formed similarly. 

[0039] In this example. alS.o^h ?wa^ t^^TZ!u!7? ^.^^ ^an be manufactured. 
AIGalnP system even if it i.ful ! example apphed to the semiconductor laser of an 

with lieht em^;Z; ' Z ^^r!!^"?"™--.^?-^ °f other ingredient systems or structure, also 
be fonSed similariy, and the d^TfS^^ mismatching as a diffusion prevention layer can 

prevented. Although d^e introdurfl^^^^^ the bamer ayer of an introductory impurity can be 
Lpurities may ^used fir U ^ ^ ""^""'^ ^^"^ '^^^''P^^' othe? introductory 

K ^^^t^'^^^^:: T'rl' - ^^ove-mentioned example, 
the summary of this inVlndon ^" the range which does not deviate from 

[0041] 



£c tL: d^f^SoT^^^^^^^^ d--e by above-mentioned this invention, 

of a barrier layt fs control^ and^^^^ ^T'"'' ^e controlled, degradation 

device can be raised Moreov^^^^^^^^ n^.h '^T' dependability of a light Litting 
of freedom of a doping ^'Sle S '^^^^ '° ''''' '^^P-^' ^^e decree 

S^cotpSS?:^^^^^^^ r f r ^ ^ ^^"""^ — " '^y- 

g can be t^cken^.^ Si— 
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CLAIMS 



[Claim(s)] 

[Claim 1] The light emitting device characterized by preparing the layer which has grid mismatching 
between the layers which carried out impurity installation with the barrier layer. 
[Claim 2] The light emitting device according to claim 1 characterized by the layer which has the 
above-mentioned grid mismatching being a compressive-strain layer. 

[Claim 3] The light emitting device according to claim 1 which the layer which has the above- 
mentioned grid mismatching pulls, and is characterized by being a distortion layer. 
[Claim 4] The light emitting device according to claim 1 to which the layer which has the above- 
mentioned grid mismatching pulls with a compressive-strain layer, and is characterized by being a 
laminated structure with a distortion layer. 

[Claim 5] The light emitting device according to claim 1 characterized by the layer which carried out 
[ above-mentioned ] impurity installation being a layer using zinc as an introductory impurity. 
[Claim 6] The light emitting device according to claim 1 characterized by being constituted with an 
AlGAInP system ingredient. 
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